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aBstract
Over time, American cities have significantly decentralized and this development pattern, dubbed ‘sprawl’, 
has come to be seen as a costly and inefficient development pattern that should be limited. In urban planning 
literature, sprawl is seen as inherently connected to a car centric physical environment. This puts improving 
accessibility via alternative transportation modes at the forefront of many solutions to sprawl. Transit 
availability and likewise transit success is seen as inherently connected to sufficient urban density. Sprawl is 
a regional problem because spatial dispersion goes beyond the current limits of jurisdictional regulations. 
As regions attempt to design effective strategies to navigate the problems created by urban sprawl, they 
frequently consider expanding their transit systems as an incentive for more concentrated development. This 
thesis examines the effectiveness of investing in new transit infrastructure, particularly fixed rail transit such as 
light rail and commuter rail, as a regional strategy to increase urban density by exploring the changes that have 
occurred in Portland, OR over the course of 20 years as they have rapidly expanded their transit system. 
There are three stages of analysis. First, descriptive statistics provide an overview of trends in metropolitan 
wide density versus the transit shed, defined as within 2 miles of any current light or commuter rail station. 
Secondly, the analysis uses hot spot analysis to examine whether Portland’s population, employment, and labor 
density are clustered and where relatively high density clusters changed between 1990, 2000, and 2010. Finally, 
bivariate and multivariate regression models were built to measure whether there was a statistical association 
between density and fixed rail expansion by looking at how density relates to proximity to downtown, light 
rail stations, and transfer points. If transit expansion causes regional density concentrations to adjust towards 
transit, then the regression should show an increasingly positive relationship as the transit system was 
expanded. 
The research hypothesis was that areas around rail transit stations will show an increasingly positive association 
over the study period. Additionally, that transfer stations where more than one line connect should show 
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introDuction
Since the advent of the personal vehicle, American 
metropolitan areas have been spreading out or 
‘sprawling.’ As development spreads outwards, it 
increases municipal costs for infrastructure and for 
service provision such as sewers, water, electricity, 
waste, and transportation; depletes open space; 
and encroaches on productive agricultural land. 
While some suburban development is expected, 
sprawl is characterized by excessive suburban tract 
development that is primarily auto-oriented and out 
of proportion with demand and resources. Due to the 
fragmented nature of American municipal structure 
and the sheer quantity of municipalities, it becomes 
increasingly difficult for any one community to make 
headway in changing this outward growth pattern 
on their own. Consequently, sprawl has effectively 
become a regional problem.
As yet however, most strategies to attack sprawl 
have been highly localized. Since at least the 1970s, 
movements such as New Urbanism, Transit Oriented 
Development, Smart Growth, Complete Streets, 
etc. have sprung up on a local or a corridor scale to 
encourage compact or sustainable development 
around intermodal transportation. Due to financial 
ability, political will, and institutional structure the 
scales of these projects are usually limited to one 
development, one neighborhood, one station area, 
or one transit corridor.  These projects are large 
undertakings: they require many moving parts, zoning 
changes, infrastructure investment, market interest, 
and careful facilitation and planning every step of the 
way to ensure a successful project. The energy and 
money required to enact such projects ensures that 
they are limited to as small a scale as possible. TOD 
has a theoretical “walkable radius” of 400 to 800m, 
therefore these projects and their accompanying 
regulatory or infrastructure investments are frequently 
specific to that radius. (Development , Duany 2001) 
The localized design and regulations of New Urbanist 
and TOD projects frequently limit its direct effects to 
the defined project area. Similarly, the projects are 
usually evaluated by the project area alone. This leaves 
open whether these policies have indirect physical 
agglomeration effects beyond their project areas. 
More importantly, as more and more cities, regions, 
and states approach the problem of regional urban 
sprawl it is unclear whether these hyper-localized 
projects can successfully be translated into a regional 
approach. 
There has been some acknowledgement of the need 
for regional or even statewide solutions to sprawl, as 
evidenced by the birth of some state Smart Growth 
programs, with varying implementation and effects 
(2005). Depending on their integration with current 
planning structures, these programs can face an uphill 
battle for effective implementation.
Currently, local municipalities or counties control land 
use while metropolitan planning organizations (MPOs) 
are designated by the federal government to control 
transportation funding(Solof 1998). Consequently, the 
only planning function guaranteed regional attention is 
actually transportation. Depending on the MPO, these 
powers have been more or less aggressively used, 
with some MPOs solely acting as a throughput for 
funding while others have slowly expanded their role 
to encompass voluntary regional land use planning. In 
the furthest extreme, in Portland, OR, the MPO has 
actually been granted home rule powers and formed an 
elected regional council that actively governs growth 
and planning for the whole region. (Montgomery 2011) 
Therefore, in all but the most extreme cases there is 
no guarantee of regional implementation. And, as the 
ongoing planning and construction of the Orange Line 
in Portland goes to show, in even the most extreme 
case, regional cooperation still comes with dissent. 
(Knapp 2013)
As regions lobby for more powers, using transit 
expansion as a strategy to incentivize more compact 
growth is attractive, since transportation is already 
within their current purview. This is particularly 
attractive in light of federal and state monies dedicated 
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to paying capital costs on new infrastructure(Solof 
1998). Significantly less funding is available for transit 
operations and for regional planning and land use 
coordination. This effectively incentivizes new capital 
construction as the preferred method of dealing with 
regional transportation and land use problems. 
Additionally, despite a lack of convincing evidence, 
it has become a given to many planners, transport 
scholars, and advocates that new transit infrastructure, 
fixed guideway service in particular, incentivizes 
density, which will in turn make the transit more viable. 
(Mees 2010)
Shifting incentive foci and increasing regional planning 
powers may be an important part of any solution 
to sprawl as it would at least make policies more 
comprehensible, generally applicable, and more easily 
fundable. This would also allow regional transit oriented 
development strategies to be considered. However, 
this is not an easy task. Before a strong argument can 
be made for embarking on such a daunting strategy, the 
case must be made for its effectiveness and necessity. 
If this task is to be undertaken it is important to first 
understand the dynamics of comprehensive regional 
transportation and land use planning.  Therefore, 
this thesis does not tackle the problem of increasing 
regional planning powers. Instead, it examines the 
effectiveness of a comprehensive transportation 
and land use planning system to encourage more 
compact development. More specifically, it attempts 
to isolate the effect of expanding transit infrastructure 
on regional population, labor, and employment 
distribution as a proxy for compact land use. 
This thesis explores the argument for combined 
regional land use and transportation powers. It does 
this by attempting to show that these combined 
powers cause a significant change in regional 
employment, population, and labor dispersion. It takes 
the transit side of this equation in particular and looks 
for evidence that employment, population, and labor 
will adjust to be more concentrated around light rail 
stations as transit accessibility increases.  
This hypothesis works off the assumption that there is a 
strong connection between transportation modes and 
land use development. Additionally, it assumes that 
hypothesis
a region with strong regional planning powers, which 
is particularly focused on transit expansion, compact 
urban growth, and transport oriented development, 
will provide a strong example of how these factors are 
codependent. 
Most importantly, it must be shown that urban fixed 
rail has positive effects on increasing overall physical 
agglomeration and would therefore have a positive 
impact on regional concentration, particularly within 
the 2 mile transit shed. 
This paper looks specifically at the effect of additional 
accessibility via light rail on metropolitan dispersion 
by examining the region with arguably the strongest 
support for both regional land use and a growing 
transit system: Portland, OR.   Additionally, Portland 
has aggressively worked to control sprawl and expand 
transit through regional policies that direct growth to 
urban centers and light rail station areas, and focusing 
growth up rather than out. It has multiple rail lines 
through a variety of urban center typologies. 
Hypothetically, Portland should show greater regional 
change than another metropolitan region that is less 
supportive of dense development. However, using 
Portland might also be a limitation. Since it has such 
a strong land use support system, this might make 
it difficult to control for the effects of these policies. 
Additionally, Portland has been growing rapidly and 
it will be difficult to separate general growth from 
growth incentivized by light rail expansion. 
In order to understand the regional spatial change of 
the region and its association to urban rail expansion, 
this paper will compare growth patterns over 20 
years by mapping regional dispersion and regional 
employment, labor, and residential density for the 
region level compared to the 2 mile transit shed level at 
3 points in time: 1990, 2000, and 2010.  Next, density 
will be regressed by each census tracts’ relationship to 
a light rail stop, and then again to a light rail transfer 
point. 
This is not the first study done to attempt to assess the 
impact of transit expansion on land use development, 
nor is it likely to be the last. While many assume that 
there is a strong connection between transportation 
improvements and land use, the results of previous 
studies have been decidedly mixed. Much of this has 
been due to the difficulty of separating the effect of 
the transportation improvement from other probable 
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causes of land use change(Giuliano 2004).  
This study attempted to show shifts of residential, 
labor, and employment throughout the region towards 
locating in the transit shed. However, the results did 
not support this hypothesis. In fact, the analysis in 
this study showed very little evidence of urban rail 
infrastructure having a strong influence on density 
distribution. This was surprising considering Portland’s 
aforementioned regional focus on growth containment 
and transit oriented development strategies, which 
are well placed within a strong institutional planning 
structure. While this does not necessarily defeat the 
possibility of using regional powers to mitigate sprawl, 
it was highly suggestive that infrastructure alone, and 
even infrastructure within a strong regional incentive 
structure is not sufficient to produce a more dense 
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literature 
reView2
The research question engages and expands on 
theories of with location choice, regional growth 
and dispersion, and its relationship to public transit 
infrastructure. First, it draws on discussions and 
arguments about sprawl: its existence, its causes, its 
effects, and possible solutions. This includes research 
on urban spatial form and urban economics. In 
particular, the research question touches on theory 
behind the highly touted Smart Growth and Transit 
Oriented Development.  Much of this is based in 
land use and transportation literature: impacts of 
transportation on land use and vice versa, as well as 
the methods and actors necessary for regulating/
coordinating these interactions.  Finally, this 
research broaches the role of regional government: 
its scope, types, challenges, and ultimately, and its 
opportunities to interact with regional dispersal. 
proBlem
In the last few decades, regional sprawl and 
decentralization have become an increasing 
concern on many levels. For the purposes of this 
discussion, sprawl refers to low density, auto-oriented 
development. Since the advent of the automobile, 
development focused on the automobile has become 
more prevalent, to the point that it is now the primary 
form of development in the United States. 
The forces behind sprawl are complicated and much 
of the debate about whether and what to do about 
sprawl are tied to  whether sprawl is a reflection of 
the proclivities of the populace and the market or the 
failings of the government to use policies to control 
negative externalities and provide alternatives to 
sprawl development. Critics of sprawl have argued 
that sprawl is financially costly, environmentally and 
economically inefficient, and that it causes a decline 
in community and awareness (Crane 2008). Critics of 
the critics of sprawl have taken a more laissez-faire 
approach. They have argued that sprawl is not new; it 
is a response to market forces, personal preferences, 
and increased mobility due to technology (Bruegmann 
2008). 
From a traditional urban economic standpoint some 
level of urban dispersion is expected. The traditional 
monocentric bid-rent model shows that urban land 
location choice is determined by land rent, transport 
costs, and other costs (Giuliano 2004).  Industries 
that depend on high levels of information exchange 
(O’Sullivan 2009) pay a premium to work closer to 
centers; industries and workers that have less need 
for information exchange locate further from the 
center. Therefore, if a location is easier to get to, i.e. 
accessible, it reduces transport costs but land prices 
likely increase to match attractiveness. 
In addition to land being cheaper on the periphery 
due to bid rent factors, property taxes that focus 
on built land over undeveloped land and restrictive 
land use regulations add to incentives that make 
it less expensive to buy undeveloped land, build 
sparsely, and build further from the center.  In most 
states there are few regulations for building on 
unincorporated land; once built, nearby cities can 
be required to build out services and roads for new 
developments.  This saves developers costly fees and 
circumvents development policies intended to recoup 
these costs for cities. 
Sprawl is also an attractive development type for 
developers because it is mass producible, further 
bringing down costs. For consumers, sprawl 
development is attractive because it gives a sense of 
being closer to nature and offers more living space for 
a more affordable price (at least superficially). 
These forces combine to make it less attractive to 
build new development densely. Without market 
pressure, the built environment changes slowly. 
Therefore once an area is built at a low density, these 
developments provide barriers for future dense 
development or redevelopment. 
Elements of sprawl, therefore, present as a natural 
result of urban spatial economics. However, this does 
not negate downsides of a sprawling development 
pattern. Because these developments are built around 
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the automobile, every new development brings new 
vehicular traffic. This can quickly overtake existing 
road capacity, causing intense congestion. (Cervero 
and Hansen 2002). Development frequently occurs 
before new roads can be built, and as developments 
move further and further out, congestion becomes 
a growing issue that seems to defy solution. 
Additionally, it is proving to pose difficulties in 
planning and facilitating services in a regional context. 
In particular, sprawl presents challenges to providing 
effective public transit services because of its 
tendency to be very spread-out, very low density, 
and include very low connectivity between its 
parts(Walker 2012). The inability to provide transit 
makes it even more difficult to argue for less car-
supportive infrastructure, such as copious parking and 
sidewalks, which further erode the compactness of 
the region. 
Dispersion in a 
polycentric context
There is a growing body of evidence that cities are 
polycentric: cities have more than one node around 
which activity centers. This greatly complicates 
the problem of measuring and judging sprawl. 
However, the urban economics literature upon which 
much transportation and land use has been based 
assumes a monocentric city. This is due in part to 
historical growth patterns of a strong downtown with 
concentric circles of growth. This creates bias in any 
model that attempts to explain urban structure by 
looking for global relationships of density and transit, 
because the very high densities in center cities will act 
as outliers, obscuring relatively high densities in areas 
outside the center. Similarly, older transit systems 
that developed radially skew models attempting to 
measure transit’s effects on urban form. If the system 
has been created around a heavily dense center 
and has been developed to serve this heavily dense 
center better, it is not surprising that these studies 
come back saying that the dense center is necessary 
for transit to work and that transit and density are 
intrinsically linked (Cervero 2011; Kolko 2011).   
Additionally, dealing with cities as monocentric is a 
significantly simpler model. More centers add more 
calculations, more variables, and more overlapping 
effects. Model descriptions of cities such as bid-rent 
curves all become more complicated because they 
require inclusion of more factors. 
If you start with the assumption that it is very likely 
for the region to have become polycentric, you would 
expect several smaller subregional centers that need 
to be differentiated from sprawl. These subregions 
might have their own bid-rent curves that overlap and 
interfere with phenomena measured globally from a 
monocentric perspective.  However, looking at cities 
polycentrically also opens up opportunities to see the 
city’s evolution and growth more clearly, as well as 
create new techniques of planning that serve a more 
diverse structure (Agarwal, Giuliano et al. 2012). 
Nonetheless, the possibility of regional polycentricism 
will inform any findings of this thesis as it will need to 
account for possible model bias. 
the lanD use/transit 
connection
Sprawl and the attempted solutions for it all depend 
on the connection between transportation planning 
and land use development. Interestingly, while many 
planners and researchers consider the two to be 
inherently connected, the dynamics between the two 
are still largely unresolved. 
Returning to urban spatial economics, if location 
choices are driven by land cost, transport cost, and 
costs of goods and services, by artificially reducing 
the cost of transportation with road subsidies, 
sprawl has been incentivized. When transportation 
improvements are made in far out suburbs, it has 
been shown that traffic increases as these areas 
become more attractive to development. Attempts 
to solve the traffic problem by providing more 
road capacity just induce more traffic(Cervero and 
Hansen 2002). It is generally agreed among land 
use and transportation researchers that reducing 
incentives and for auto oriented development and 
for built in driving subsidies would be the most 
effective method of shifting away from sprawling 
growth and cars. (Giuliano 2004; Shoup 2005) 
However, this is politically difficult, and infrequently 
attempted. Therefore, many other methods 
of shifting development have been attempted 
including the aforementioned Smart Growth and 
TOD. These methods seek to incentivize both public 
transportation and more compact development. 
Researchers have attempted to understand the 
dynamics of transportation and land use by looking 
at each separately, while controlling for the other. 
However, as both land use and transportation are 
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dynamic and effected by many processes and politics, 
isolating them becomes a difficult task. Notably, 
Margerum, Parker, Brody, McEwen (Margerum, 
Brody et al. 2013) studied land use incentives for 
more compact development on its own and found 
little impact. However, when land use incentives were 
combined with other plans, policies, or transit, they 
found there to be significant impact. 
Nonetheless, this has not solved the issue of how 
(to best combine land use and transit policies to 
produce the greatest effect) land use most effectively 
combines with transit. Much recent research has 
focused on proving that different transit typologies 
are best suited for different types of corridor. This 
assumes of course that the land use comes first, a 
difficult task if the land use incentives alone do not 
create the impact. Therefore, this limits effective 
transportation to downtowns or other heavily 
developed areas, particularly areas developed pre-
automobile that may be more lenient with parking 
requirements and other auto-oriented features that 
spread out development. 
While much of this is structural, Paul Mees has 
provided a strong rebuttal to the premise that low 
density development can’t support successful transit 
systems. (Mees 2010). In his book, Transport for 
Suburbia, Paul Mees argues strongly that transit is 
not inherently connected to density. Therefore, we 
can cease to use overly high density requirements 
to dissuade us from building effective transit. Mees 
points primarily at Zurich, Switzerland as an example 
where supply side transit has been successful without 
dramatically increasing density (Mees 2010). Similarly, 
in Human Transit, Jarrett Walker argues that transit 
predictability, information clarity, and other service 
metrics are much more important to successful transit 
than any predetermined urban form characteristic 
(Walker 2012). 
Despite Mees’ arguments for successful transit 
without density, examples of success are few and far 
between.  Even if transit does not require density, the 
question of whether transit causes increased density, 
and therefore can be used to counteract sprawl is still 
open. 
In fact, quite a bit of research has been done to 
analyze the impact of transportation investments 
on urban growth, but with very little conclusions. 
Initially, much of the research focused on the 
effect of transportation infrastructure on compact 
development, but with little predictability in the 
results, it has been difficult to definitively conclude the 
effect of investing in transit (or other transportation 
infrastructure for that matter. These studies have 
utilized both longitudinal and static research design 
as well as a myriad of variables such as land value, 
construction starts, lease changes, employment and 
population density, and have attempted to control 
for all manner of other influence such as exogenous 





Several techniques of localized growth management 
such as Smart Growth, New Urbanism, Transit-
Oriented Development, Complete Streets, etc. have 
lately taken on celebrity status in planning circles. 
However, while advocacy pieces on these movements 
abound, empirical research on the effects of these 
projects is much thinner on the ground. Additionally, 
little research has been done to evaluate if these 
projects have an effect on physical agglomeration 
beyond their defined project extents. 
transit’s effects on 
reGional Growth in a 
polycentric city
From the literature, it appears that the connection 
between transportation and land use is evident 
but does not have a clear direction (transportation 
definitely affects land use in this way at this time or 
vice-versa.) This is due to many reasons, but primarily 
there are many theories of urban form/transport 
development and the number of variables affecting 
city development precludes a clear-cut answer. 
Nonetheless, we can follow the literature to some 
conclusions.  
In a 2011 paper, David King explored the supposition 
that subway growth preceded dense development 
in New York City (King 2011). However, his research 
showed instead that subway development in 
New York City did not precede land use. Rather, it 
developed in conjunction with fast development 
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(particularly commercial development.) He concluded 
that transit did not have a drastic effect on density 
of development when rapid population growth and 
economic development were accounted for. This 
implies that public transit does not necessarily cause 
dense development, even if transit and density are 
compatible. 
Guiliano and Agarwal (2010) note in “Public Transit 
as Metropolitan Growth and Development Strategy” 
that there have been significantly mixed results of 
development growth around transit. They attribute 
these mixed results to the inability of transit to 
effectively compete with the accessibility if the car; 
the artificial underpricing of vehicles; and the artificial 
overdevelopment of car focused land uses. Rather 
than to continue encouraging an uphill battle, they 
conclude that the focus should instead be on land use, 
particularly parking policy. 
Thinking of growth in terms of productivity Chatman 
and Noland traced the connection between transit 
and physical agglomeration, and this agglomeration 
to indirect productivity effects to make the case 
for transit induced densification’s agglomeration 
benefits(Chatman and Noland 2013). In this paper 
Chatman and Noland wrestle with the potential 
benefits of higher density employment clusters 
versus the potential costs of cheaper transportation 
(through increased public transit) that may lead to 
de-densification and sprawl. Not surprisingly, they 
found greater density and productivity results in cities 
with an already well-developed transit line. They also 
found that the effects on physical agglomeration were 
likely to be long term and also more likely to occur 
in areas that were already fairly dense or adjacent to 
dense areas. 
Some research has been done on urban form and 
accessibility on a regional scale. Agarwal, Guiliano, 
and Redfearn (2012) assert that regional economic 
polycentricity follows accessibility and therefore 
may give insight into urban form.  They explore 
how regional sub centers can be defined and how 
they might relate to the main center by becoming 
specialized centers. Additionally, they note that 
smaller centers grow more quickly and attribute that 
to greater potential for growth and lower land values. 
Similarly, in a different study, Guiliano, Redfearn, 
and Agarwal (Giuliano, Redfearn et al. 2011) use the 
location of highway interchanges and airports as a 
measure of accessibility. They conclude that absolute 
distance to transportation infrastructure is not the 
defining characteristic as much as relative proximity 
to other centers and the central business district 
(CBD.) 
Guiliano, Redfearn, and Agarwal (2011) and Agarwal, 
Guiliano, and Redfearn point to a level of industry 
self-selection that occurs in sub centers. Additionally, 
neither of these studies explicitly point to urban form 
aside from relative employment densities. 
Additionally, what has been explored so far seems 
to deal primarily with local interactions i.e. how land 
use and transportation work on a station area or 
neighborhood scale.  
the role of reGional 
planninG
Traditionally, land use is controlled by local 
municipalities or counties with home rule. In contrast, 
the region, the state, and the federal government 
play a defining role in transport policy (Solof 1998). 
This jurisdictional divide deals with land use and 
transport as individual silos to be planned separately. 
It also creates jurisdictional barriers to planning them 
together, as MPOs who control federal funds within 
a region have little to do with land use decisions 
around their transport investments.  However, it is 
becoming increasingly understood that they do not 
exist separate from each other and should, in fact, be 
planned together. 
Consequently, different regions have taken different 
tacts to address jurisdictional failings.  Portland, 
OR has gone the furthest by giving a regional entity 
home rule capabilities. Others, such as Salt Lake City 
have taken a communicative advocacy route. Finally, 
some MPOs have attempted to use their funding 
capabilities to directly incentivize land use changes 
around transport investments by tying funds to land 
use plans or providing more funding for plans that 
connect land use and transportation. (Montgomery 
2011) 
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As sprawl is increasing identified as a planning 
problem different strategies have emerged to 
tackle it. Taking center stage are the concepts of 
Smart Growth and Transit Oriented Development 
(TOD) have gained popularity as means to reverse 
the trend of sprawl and in some instances to 
redevelop and concentrate sprawling development 
around new centers. Both methodologies look to 
densify development and create a walkable urban 
environment that serves to create a sense of place 
over a sense of isolation. 
A somewhat fluid concept with several iterations 
and implementations attributed to it, Smart Growth 
is frequently touted as the “anti-sprawl.” Many 
authors have spent extensive time describing it 
and differentiating Smart Growth as a concept. 
One of the most well developed descriptions is by 
Arthur C. Nelson. He breaks Smart Growth down 
into four principles in order to evaluate different 
policies: preserve public goods, minimize adverse 
land use impacts, maximize positive land use 
impacts, and minimize public fiscal costs(2002). 
While this is a helpful framework, it still leaves many 
implementation measures open to interpretation. 
A more narrow policy framework is Transit Oriented 
Development (TOD.) For some, TOD is seen as 
one form of Smart Growth. However, it is focused 
around not only making compact development but 
offers a stricter development framework. It focuses 
on developing densely within walking distance of 
frequent transit stations (usually light rail, but also 
bus rapid transit). TOD is seen as a method to both 
increase compact development as well as a method 
to increase transit’s feasibility by building more riders 
into walking distance.  
Since TOD focuses on areas that are a walking 
distance to transit, it necessarily focuses on more local 
scale. Additionally, since it has many specific moving 
parts, it relies on a carefully calibrated set of changes 
to the planning and development environment. 
This can make TODs difficult to enact completely, 
which creates a need for more staff to be involved 
in fostering and managing their development.  
These drawbacks create limitations on region wide 
implementation. 
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research 
DesiGn3
To examine transit’s usefulness as a regional growth 
strategy, this paper looks specifically at 1) whether 
transit has a positive effect on regional population, 
employment, and labor density distribution and 2) 
how local this effect is to the light rail stations. The 
research uses time series data, looking at a static 
study area during three different periods. Within 
these time periods, descriptive statistics, hot spot 
analysis and Ordinary Least Squares regression were 
used to examine regional density changes, isolate 
changing patterns of relative density, and measure the 
association between density and proximity to urban 
rail.  To account for the possibility of transit having 
different effects residential and employment location 
choice, the analysis is conducted on residential, labor, 
and employment densities. Light rail and commuter 
stations were chosen specifically because they are 
perceived as having higher frequencies, studies have 
shown users prefer them (Scherer 2012), and because 
their stops represent both a greater public investment 
(of both capital and human power) and they are unlikely 
to move throughout the study period. 
The Metro Regional Government, governing in the 
Portland, OR metropolitan area was chosen as the 
study area for several reasons.  The study region for 
this project was chosen carefully in an attempt to 
isolate as much secular growth patterns as possible. In 
order to minimize effects of historical growth patterns, 
the region is more recently developed.  Portland did 
historically have a streetcar system though it was dead 
by 1950 (Tri-Met 2010). The modern rail transit system 
is relatively young, ensuring that less of the recent city 
stuDy area
development was based around light rail. The current 
rail transit system however, is rapidly growing with 
Portland’s first rail line opening in 1986, expanding 
to five lines by 2010. This is long enough a time that 
if development patterns were to change because of 
the expansion of rail transit, they would have had 
ample incentive and cause for expectations of the 
continuation of service and expansion. That said, it is 
possible that there is a tipping point in service, either in 
coverage or service frequency, which this study will not 
be able to address. 
Additionally, Portland is home to arguably the most 
comprehensive regional growth management program 
in the US. It has several policies in place to encourage 
concentrated growth, including an aggressive Transit 
Oriented Development (TOD) program. This adds 
both benefits and problems. It ensures that Portland 
has done significantly less to preclude or hinder market 
interest in developing more densely around transit 
stations. However, the extent to which they have 
encouraged development around light rail stations 
also makes it more difficult to separate any growth as 
the effect of transit or the effect of the land use policies 
in place. This is further limited by the unavailability of 
historic land use data to use in the analysis. 
A second level of study area used extensively in 
this study is a 2 mile transit shed, defined as 2 miles 
from any current light rail or commuter rail station. 
This distance is intentionally larger than the quarter 
mile or half mile distance that is frequently used in 
Smart Growth or TOD literature. These distances are 
designed to measure within a walking distance to a 
bus or fixed rail. However, the 2 mile shed allows for 
possible changes due to bicycling or commuter park 
and ride as well. 
For the purposes of this study, the Portland region is 
defined by the current reach of Metro, the regional 
planning government. In reality, the Metro region has 
geographically shifted slightly over time. Similarly, the 
2 mile transit shed definition is based on the current 
reach of light rail. Maintaining a static study area 
helps to compare growth in the region over time, to 
compare whether development was always denser in 
certain areas versus whether it become denser or more 
clustered after the transit was implemented. 
It is also worth noting that Metro Portland is on the 
border of Oregon and Washington, with Vancouver just 
on the other side. Arguably Vancouver has a regional 
relationship to Portland, but it shares no governmental 
ties and there is very little transit sharing. In fact, 
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Vancouver has voted down the expansion of light rail 
across the river on multiple occasions.(Knapp 2013) 
Data
Metro Census



















Much of the research design for this project was 
decided by data availability. With no funding, research 
was limited to publically available data. Therefore, 
the research approach focused on the use of census 
employment, population, and labor data by census 
tract supplemented by transit and environmental data 
accessible through Metro’s RLIS Discovery web page.
 Given the available data, the methodology developed 
for this paper sought to sketch a picture of growth in 
the region, narrow down variables effecting growth to 
conclusively show that transit expansion has a positive 
effect on regional growth patterns towards light rail 
stations, in a region that is supportive of denser, transit 
oriented growth. 
While longitudinal studies are considered one of 
the stronger methods of looking at the impacts of 
transit, working with just one region, and particularly 
Portland, has limitations(Giuliano 2004).  As Portland 
Metro is so governmentally unique, it is difficult than to 
isolate effects of transit expansion from other aspects 
of their growth program. Additionally, the existence of 
a hard growth boundary might enhance concentration 
effects around transit, or skew greater concentration 
downtown. However, at least one previous study 
found that none of the urban growth boundaries in 
methoDoloGy
the United States qualified as restrictive enough to 
have significant impact on growth patterns, including 
Portland’s(2005). 
The following sections will first provide a case study 
of the Portland Metro, including descriptive statistics 
of Metro and the transit shed. This will provide an 
overview of region specific dynamics and provide a 
basis for further analysis. Next, a hot spot analysis 
was conducted to explore changes in regional density 
clustering.  This hot spot analysis provides the basis for 
the creation of a regression model of regional growth 
to examine whether density increases linearly towards 
downtown or if there is a stronger relationship to 
transit stations and or transfer stations. 
 Figure 1: Data sources useD in the orginal research
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GoVernance, policy, anD transit 
expansionsion in metro portlanD4
Metro Portland is located in the far northeast corner of 
the state, in the Willamette Valley, at the confluence 
of the Columbia and Willamette Rivers.  Due to its 
location on the border, it is spatially and economically 
connected to Vancouver, WA on the other side of the 
Columbia River. However, they share no governments 
and very little services. 
As Oregon has more restrictive development laws and 




















 Figure 2: Metro situateD within oregon(leFt) anD a closer look at the region anD its Municipalities (right).
history of metro 
reGional GoVernment
population that work and shop in Portland and live in 
Vancouver. That said, the Metro Portland region has 
grown significantly over the last twenty years despite 
any effects of this neighbor dynamic. 
Metro is an elected regional government, which has 
been in operation since 1979. It governs land use and 
metro in the Greater 
reGion
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transportation planning for parts of Multnomah, 
Clackamas, and Washington counties. It was based 
in previous versions of metropolitan governments 
including a metropolitan service area, and a previous 
planning commission. It serves as the federally 
mandated Metropolitan Planning Organization 
(MPO) for the region. This gives Metro control over 
transportation planning funds in the region. However, 
it broke from traditional MPO structure by adopting 
an election model rather than an appointed council of 
government officials. As the MPO, Metro is in charge 
of the urban growth boundary for the Portland region. 
Since 1985, Metro has had the ability to collect taxes, 
since 1990 it has had its own home rule charter, and 
has had official land use planning powers since 1992. 
(Abbot 1991) (Metro 2011)
Metro is the primary reason that Portland is a unique 
planning environment. Oregon is also well-known 
for their vertically consistent state land use planning 
structure which includes multi-level planning and 
urban growth boundaries around every metropolitan 
area.   This was enacted largely by Land Conservation 
and Development Act of 1973, SB 100, Oregon Stats. 
197(Nelson 2009). These are hard growth boundaries 
that explicitly limit non-agricultural development 
outside of them. They must allow for at least a 20 year 
supply of growth but each growth boundary can vary 
in how it allows for this growth to occur depending 
on who is governing the boundary. Portland’s is 
particularly strict because it places particular emphasis 
on upwards, rather than outwards growth, particularly 
infill development.  Therefore, it has a stricter definition 
of a 20 year supply than some other regions that may 
anticipate and plan for more single family greenfield 
development.  
This boundary has since been strengthened by the 
Transportation Planning Rule in 1991 that required 
explicit connections between transportation and land 
use planning, policies requiring a bicycle and pedestrian 
plan, and the Transportation and Growth Management 
Program, which provides grants and assistance to 
encourage multi-modal and compact growth.   Both of 
these elements are reasons for both the possibility of 
seeing greater effects of transit expansion in the region 
as well as a limitation to understanding the cause for 
any changes. 
While Metro has more effective growth regulation 
and influence than many other regional planning 
organizations in this era, it is still made up of many 
individual cities, and has to work within the politics of a 
wide range of city typologies and ideals. Furthermore, 
while it has home rule and land use planning abilities, it 
does not exercise them to the full extent of executing 
metro leVel policies 
effectinG Growth
the zoning for the entire region. Instead, it provides 
guidelines along with requirements that it requires 
municipalities to comply with. From there, it leaves 
local level zoning to municipalities. Therefore, there is 
an expectation that there will still be some variation in 
the dispersion of growth throughout the region. 
Metro’s policies are guided generally by the Regional 
Framework Plan, based on the 2040 Growth Concept 
(Metro 2011). First adopted in 1995, this plan defines 
the shape and methods for encouraging growth in the 
region. The plan states the preferred growth in the 
region is within the Urban Growth Boundary (UGB). 
Addition fundamentals to guide growth outlined are:
•	 “A hierarchy of mixed-use, pedestrian friendly 
centers that are well connected by high capac-
ity transit and corridors 
•	 A multi-modal transportation system that en-
sures continued mobility of more people and 
goods throughout the region, consistent with 
transportation policies 
•	 Coordination of land uses and the transporta-
tion system, to embrace the region’s existing 
locational advantage as a relatively uncon-
gested hub for trade 
•	 A jobs-housing balance in centers and a 
jobs-housing balance by regional sub areas 
to account for the housing and employment 
outside of the Centers 
•	 An urban to rural transition to reduce sprawl, 
keeping a clear distinction between urban and 
rural lands and balancing re-development
•	 Separtion of urbanizable land from rural land 
by the UGB for the region’s 20-year projected 
need for urban land”
-Page 1, Metro’s Regional Framework Plan
The majority of the regional framework plan focuses 
compact growth around defined centers.  These centers 
are characterized as central city, regional centers, town 
centers, and finally station communities. While Metro 
is home to an extensive bus system as well as light rail, 
commuter rail, and street car lines (run by Tri-Met) the 
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station communities line up with the current light and 
commuter rail station areas. Notably, the station areas 
are designated for the highest density areas outside of 
centers.
In accordance with the regional framework Metro 
has implemented several policies and programs to 
encourage denser development around light rail 
stations. The most pertinent of these include the 
Urban Growth Management Functional Plan, Regional 
Transportation Functional Plan, TOD Program and 
station area rezoning.
The Urban Growth Management Functional Plan 
(UGMFP) and the Regional Transportation Functional 
Plan (RTFP) are complementary directive elements 
of Metro’s Code. The UGMFP sets forth the growth 
management requirements for counties and cities 
within Metro and the RTFP sets for transportation 
planning requirements. Both elements have strong 
planning requirements to encourage comprehensive 
land use and transportation planning that facilitate 
compact growth and multi-modal expansion. 
Specifically, the UGMFP requires a minimum dwelling 
unit density and sets minimum density standards 
at 80% maximum density in any area zoned for 
residential uses. Additionally, the UGMFP requires 
actions and investments by cities and counties as 
well as the region in the role of centers. Regional 
Investment refers specifically to high capacity transit 
liGht rail expansion in 
metro
or funding programs. The UGMFP also sets guidelines 
for employees per acre for each center level.  (Metro 
2012)
The RGFP sets forth requirements for complete street 
design, and transit supportive street design. Also 
requires transit and land use plan implementation 
including pedestrian design and strong TOD design 
elements. Plan requirements for non-single occupancy 
vehicle targets.  (Metro 2012) 
While these plans set forth required elements with 
which local municipalities and counties must comply, 
Metro also actively works to directly facilitate compact 
station development with its TOD Program, which has 
been active since 1997. The TOD Program works to 
attract developers and provides subsidies for denser 
development near transit. Land within ¼ mile of any 
high capacity transit stations are eligible for funding 
through the TOD Program. Funding can come in 
the form of land acquisition around transit stations, 
purchasing TOD easements. Other support can be 
in the form of expediting permits, tax abatements, 
zoning variances, making public improvements, and 
providing project financing.  In return Metro pushes for 
higher density development and transit and pedestrian 
improvements. (Metro 2007; Tri-Met 2010)
Last but not least, with every new high capacity transit 
station there has been extensive station area planning 
and rezoning intended to facilitate greater density 
around the station areas. (Tri-Met 2009; Tri-Met 2010)
These policies and implementation plans and programs 
have created arguably an incredibly strong framework 









 Figure 3: the hierarchy oF growth centers in Metro. 
The transit system is not run directly through Metro. 
Rather, direct transit planning, construction, and 
operations are run by the Tri-County Metropolitan 
Transportation District, or Tri-Met. Nonetheless, it has 
a history of being closely tied with Metro initiatives, 
starting with Metro’s 1980 Regional Transportation 
Plan, when it supported the expansion of a light rail 
system and growth around stations. 
Light rail construction began in 1982 on the first half 
of the blue line from Gresham to Portland City Center. 
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The system has only grown since then. The majority of 
the lines opened in the 2000’s.  The most recent line 
opened in 2009, the region’s 5th light rail, as well as 
one commuter line.  Additionally, there is currently 
one more line under construction. Though this system 
development has taken over three decades, it has 
proceeded systematically and with a lot of planning 
support. 
The system connects several of Portland’s larger 
suburbs with the city center in a largely radial pattern. 
This system structure stems from some of the earliest 
initiatives to turn Portland into a progressive planning 
city, such as the Transit Mall and Fareless square. (Tri-
Met 2010) 
While much of the lines opened within the last 
decade, there has been expansive development and a 
longitudinal study of twenty years, 1990-2010, should 
show at least some impact on land use development 
Line Type Year Opened Length(miles) Construction Period Stations Origin/Destination
Eastside MAX Blue Line MAX 9/5/1986 15 Mar. 1982-Sept. 1986 30
Gresham/ Portland City 
Center
Westside MAX Blue Line MAX 9/12/1998 18 July 1993-Sept. 1998 32
Hillsboro/ Portland 
City Center
Interstate MAX Yellow MAX 5/1/2004 5.8 Nov. 2000-May 2004 10
Expo Center/ Portland 
City Center
Airport MAX Red Line MAX 9/10/2009 5.5 miles May 1999-Sept. 2001 4 Beaverton TC/Airport
I-205/Portland Mall 
Green Line MAX 9/12/2009 8.3 Feb. 2007-Sept. 2009 20
Clackamas Town 
Center/ Portland City 
Center
Westside Express Service 
Commuter Rail WES 2/2/09 14.7 Oct. 2006-Sept. 2008 5 Wilsonvil le/ Beaverton
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and regional growth patterns.
fast Growth in metro
The Portland region has been growing incredibly 
quickly, having increased by more than 30% population 
from 1990 to 2010. Between Metro, the City of 
Portland, and Tri-Met Policies, the transit shed should 
be growing even more quickly as growth is directed to 
areas around transit corridors and other city centers. As 
Figure 6 shows, the percentage of Metro population, 
labor, and employment within the transit shed drops 
slightly over the 20 year period. In contrast, the density 
increases slightly for everything but labor. 
However, while the overall Metro area and the transit 
shed densities both increased, it was notable that the 
transit shed did not increase its proportional share of 
population, labor, and employment. According to the 
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hypothesis of this thesis, regional dispersion will be 
positively affected by urban rail expansion, towards the 
light rail stations, with the transit shed a partial proxy. 
However, the proportion of population, labor, and 
employment within these areas remained almost flat 
throughout the study period. In fact, the small change 
evident from the table was negative, with the transit 
shed accounting for less of the overall population, 
labor, and employment. 
Throughout the Metro, at a per tract level, average 
population density increases from 6.8 pp ac to 7.8. 
Labor density, however, wavers over the study period. 
However, while average density increases maximum 
decreases throughout the study period. Finally, 
employment density has shown a dramatic decrease in 
its maximum density as well as a steady average per 
*Due to an error in the census transportation package Data tables, the total eMployMent attributeD to 
speciFic census tracts in a country was 69,976 less than the actual county total in the Data table. in orDer 
to use this Data More eFFectively in analysis, these jobs were applieD to each tract in accorDance to their 
1990 2000 2010
Total Metro Population 1,007,246 1,244,702 1,379,867
Total Transit Shed Population 673,741 822,126 901,341
Percentage Within 2mile Transit Shed 67% 66% 65%
Total Metro Population Density (per acre) 3.367023137 4.160791339 4.612621063
Total Transity Shed Population Density (per 
acre)
7.150533057 8.836255291 9.7958042
Total Metro Labor Force 784,430 685,106 767,746
Total Transit Shed Labor Force 527,335 454,887 506,172
Percentage Within 2mile Transit Shed 67% 66% 66%
Total Metro Labor Density (per acre) 2.622193545 2.290173159 2.56642225
Total Transity Shed Labor Density (per acre) 5.568741545 4.863631229 5.450300276
Total Metro Employment* 607,591 732,829 790,435
Total Transit Shed 2mile Employment* 477,402 573,506 614,648
Percentage Within Transit Shed* 79% 78% 78%
Total Metro Employment Density (per acre)* 2.031055924 2.44970166 2.642267066
Total Transity Shed Employment Density (per 
acre)*
4.313345032 5.202421245 5.611371598
 Figure 6: trenDs in population anD tract Density
tract density. These changes imply that that the overall 
average density increase does not necessarily point to 
an overall densification. It could be that the region is 
experiencing equalization between the maximum and 
minimum density tracts, with there being more overall 
dispersal. 
These preliminary statistics are suggestive of an overall 
dispersal of density throughout the region while the 
average overall density increases. However, they paint 
a broad picture. In order to better understand the 
regional spatial changes in density, the next step is 
to scrutinize relative density changes through cluster 
analysis. 
















Metro Transit Shed Metro Transit Shed Metro Transit Shed
Count 258 211 296 240 331 263
Min 0.027553 0.027553 0.030581 0.083086 0 0
Max 33.15895 33.158947 37.08118 37.08118 37.56033 37.560326
Mean 6.87665 7.455584 7.50884 8.193517 7.807252 8.544142
Std. Dev 5.003864 5.096021 5.062802 5.126447 5.144691 5.244192
Count 258 211 296 240 331 263
Min 0.022954 0.02342 0.017447 0.040038 0 0
Max 32.02262 32.022622 27.99479 27.994793 26.75679 26.756794
Mean 5.490947 5.960014 4.240554 4.647572 4.494675 4.94123
Std. Dev 4.340886 4.472294 3.275406 3.385373 3.303524 3.404514
Count 258 211 296 240 331 263
Min 0.001097* 0.003403* 0.008683 0.038743 0.009928 0.032819
Max 283.827318* 283.827318* 276.1885 276.188483 150.5878 150.587751
Mean 5.851031* 6.809943* 5.295606 6.187544 4.585831 5.364676
Std. Dev 20.477319* 22.515608* 18.43853 20.360973 10.69463 11.840714


































































 Figure 8: Mean tract Density over tiMe
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5hot spot analysis
The descriptive statistics of the region in the previous 
section indicate change occurring in the density 
distribution of the region throughout the study 
period. While overall density has increased, maximum 
tract density has only definitively increased for 
population, and individual tract density also presents 
a mixed story. 
Next, Getis Gi* hot spot analysis was used to identify 
possible clusters of high and low density within 
the whole metro and within the transit shed.  The 
use of hot spots is an attempt to co-opt aspects of 
methodology developed for study of polycentric nodes 
of employment growth. It draws on the methodology 
used in polycentric theories of urban spatial 
employment, particularly that done by Genevieve 
Giuliano and Christian Redfearn. These studies seek 
to identify clusters of employment and examine 
the causes for their locational growth. Giuliano 
uses density, employee number, and contiguity as 
thresholds for identifying centers(Giuliano and Small 
1991; Giuliano 2003).  Redfearn develops a complex 
locally weighted regression model to overcome any 
arbitrariness of deciding cluster thresholds(Redfearn 
2007). Alternately, one could identify local subcenters 
through local knowledge. 
An initial attempt to identify subcenter potential using 
Giuliano’s thresholds of 10 persons per acre and at 
least 10,000 people per center or 20 persons per acre 
with a minimum of 20,000 people per center showed 
the high unlikelihood of the Portland region having any 
employment subcenters outside of downtown(Giuliano 
2003).  Population and Labor showed a few potential 
subcenters but not a substantial amount. Without 
intimate local knowledge, this methodological option 
was impractical. 
Therefore, spatial statistics were used to attempt to 
locate centers. Without placing a minimum threshold 
and without consolidating tracts into centers, hot spot 
analysis offered an option of seeing relative clustering. 
The Getis Gi* hot spot analysis tool was run on Fixed 
Band widths of .5 mile, 1 mile, 2 mile, and undefined 
within the current Metro region boundary, and then 
again within a 2 mile “transit shed” around 2010 light 
rail stops. This maintained static study areas and made 
it easier to see whether patterns changed in the same 
area as time and urban rail expansion (and presumably 
land use and TOD efforts) continued. 
The results varied, as expected, depending on the 
band size used. Large band sizes showed large 
clusters and small band sizes showed small clusters. 
Since the census tracts vary dramatically in size and 
shape, the goal was to ensure that every tract had a 
neighbor within the analysis band while maintaining an 
appropriate cluster size for the information analyzed. 
Unfortunately, due to the irregularity of the study 
area, the required distance band to ensure a neighbor 
was quite large, and overshadowed any gradient of 
clustering occurring. Therefore, ultimately .5 mile was 
chosen as the appropriate level of analysis to show 
clusters in the region because it gave a more granular 
view of density clustering and change.  These results 
are presented below. 
In order to conclusively support the hypothesis 
that regional population, labor, and employment 
shifted in accordance with transit expansion and its 
accompanying policies, the cluster analysis should 
show more clusters appearing or shifting near transit 
over time. As the built environment needed to allow 
greater density changes slowly, increments of 10 years 
were considered adequate. 













 Figure 9: tract Density over tiMe
page 19 Emily HEard//mSUP ‘14
High density employment clustered primarily in the 
Portland center city, defined by the Willamette River 
on the east side, and Interstate 405 on the north, west, 
and south sides. This matches up with the job dispersal 
expected in a city with traditional monocentric 
employment dispersal. It also aligns with the patterns 
seen in the simply mapped density. There were no 
significant low clusters, which leads to the conclusion 
that employment outside the center city is dispersed.
This cluster pattern remained largely the same when run 
within the transit shed. This indicates that the density 
clusters were not dependent on being compared to 
lower density areas on the fringe, suggesting that 
























Miles! Blue Line Stops
Blue Line East
Major rivers and water bodies
< -2.58 Std. Dev.
-2.58 - -1.96 Std. Dev.
-1.96 - -1.65 Std. Dev.
-1.65 - 1.65 Std. Dev.
1.65 - 1.96 Std. Dev.
1.96 - 2.58 Std. Dev.
> 2.58 Std. Dev.
 Figure 8: hot spot cluster analysis 1990 eMployMent with a .5 Mile banD
employment
population
Population clusters were more evenly disbursed 
throughout the region but still primarily centered in 
laBor
the center city and the inner east side of Portland.  At 
.5 miles there were two distinct clusters, one within the 
strict center city, and another running North-South 
along the inner east side.  
When run in the transit shed, the hot spot analysis 
shrunk these clusters into three distinct areas: 
downtown, inner northeast side, and inner due east 
side.  Both of these cluster analyses suggest that 
higher density population clusters more strongly in the 
central areas of the region, and that minimizing the 
study area to the transit shed makes little difference.
Unsurprisingly, labor closely followed the patterns 
found in population. However, there are greater gaps 
among the clusters in the whole Metro. Additionally, 
within the transit shed, only two statistically significant 
clusters show up, in downtown and the inner east side. 
Once again, these patterns show that the transit shed 
has little effect on the distribution of density, at least 
at the parameters of relative density distribution that 
the Gi* analysis provides. 
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> 2.58 Std. Dev.
 Figure 9 anD 10: hot spot cluster analysis 1990 population(above) anD labor (below)  with a .5 Mile banD
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In 2000, high employment clusters are no longer as 
concentrated downtown. There are now two distinct 
clusters, with one now appearing in very inner east 
side, a primarily industrial area. This suggests that 
relatively high concentrations of density are moving 
beyond downtown. However, they are still in close 
proximity to the downtown. Therefore, the movement 
could just be firms taking advantage of cheaper land in 
close proximity to the downtown as a natural bid rent 
movement towards cheaper rents while maintaining 
low transport costs.
There is still little difference between the Metro and 
transit shed study areas. 














































Miles! Blue Line Stops
Blue Line
Major rivers and water bodies
< -2.58 Std. Dev.
-2.58 - -1.96 Std. Dev.
-1.96 - -1.65 Std. Dev.
-1.65 - 1.65 Std. Dev.
1.65 - 1.96 Std. Dev.
1.96 - 2.58 Std. Dev.
> 2.58 Std. Dev.
 Figure 11: hot spot cluster analysis 2000 eMployMent with a .5 Mile banD
population
Within the transit shed, there are 3 distinct clusters, 
whereas there is a smattering of clusters when using 
the Metro as the analysis area. Within the Metro 
analysis area, the clusters appear more distinct, but 
they are within the same area and less statistically 
significant, suggesting that these areas are becoming 
less concentrated relative to the region. 
At least visually there is no movement of clusters 
towards or away from transit stops. 
Once again, labor clusters largely follow population 
clusters, with some slight shifts. The southeastern 
clusters run larger than the corresponding population 
clusters and the northeastern clusters run smaller. 
laBor
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 Figure 12 anD 13:  hot spot cluster analysis 2000 population (above) anD labor (below) with a .5 Mile banD
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In 2010, high density employment cluster continued 
to have center in and around downtown Portland. 
However, significant clusters continue to move 
outward into new districts. Particularly, the central 
cluster is moving northeast, into the Lloyd District, 
an area that has been of particular focus for economic 
development, and part of Tri-Met’s Fareless Square, 
and its follower, the Free Rail Zone, while they existed. 
When the transit shed was used as the analysis area, it 
largely mirrored the Metro level analysis, maintaining 
the assumption that the transit shed shows no 
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Miles
 Figure 14: hot spot cluster analysis 2010 eMployMent with a .5 Mile banD
population
laBor
By 2010, after significant light rail expansion, several 
small clusters show up further from downtown. There 
is a faint cluster on the far west side, as well as a new 
cluster further east. These clusters could point to an 
effect of the light rail expansion; that the light rail is 
increasing accessibility further out and encouraging 
concentrations to begin near light rail stations. 
Alternatively, this cluster formation could point to less 
overall core concentration being replaced by smaller 
centers throughout the region. 
The clusters are approximately mirrored in the transit 
shed analysis, with slightly lower significance levels. 
Once again labor largely mirrors population, save for 
an additional cluster in southeast Portland, near the 
green line. However, in the transit shed analysis the far 
west and further east cluster disappear.  This suggests 
that labor may be less flexible away from the center 
than population. 










































































































Major rivers and water bodies
< -2.58 Std. Dev.
-2.58 - -1.96 Std. Dev.
-1.96 - -1.65 Std. Dev.
-1.65 - 1.65 Std. Dev.
1.65 - 1.96 Std. Dev.
1.96 - 2.58 Std. Dev.
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! Yellow Line Stops
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Major rivers and water bodies
< -2.58 Std. Dev.
-2.58 - -1.96 Std. Dev.
-1.96 - -1.65 Std. Dev.
-1.65 - 1.65 Std. Dev.
1.65 - 1.96 Std. Dev.
1.96 - 2.58 Std. Dev.
> 2.58 Std. Dev.
 Figure 12 anD 13:  hot spot cluster analysis 2010 population (above) anD labor (below) with a .5 Mile banD
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From the cluster analysis, a few conclusions can be 
made. First, employment density has remained largely 
focused in the Portland downtown, but has branched 
into two clusters, still largely central. Second, clusters 
of population and labor have spread throughout the 
metro, but they are all within a two mile radius of light 
rail station. 
Most interestingly, by 2010 there has been some 
movement towards clusters in outer suburbs. The 
most evident cluster change is between 2000 and 
2010, which coincides with the greatest expansion of 
the light rail system from 1 to 5 lines. This coincidence 
could be a result of light rail effecting locational choices 
but it is also possible that the light rail is being built to 
serve higher growth areas rather than them causing 
the higher growth. Additionally, as Metro’s policies 
have been to push for greater density near transit and 
established centers, this propensity towards clustering 
in these areas could be a result of those policies rather 
than the effect of the light rail itself. 
Though these results don’t offer an explanation on 
their own, they offer important insight to inform the 
following regression analysis. 
finDinGs
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6reGression analysis
The hot spot analysis showed that there was some 
increase in relatively high density clusters over time 
as well as increased cluster dispersal. However, the 
hot spot analysis revealed several limitations for 
proving a continued association between the urban 
rail expansion and density dispersion. First, hot 
spot analysis is based on the range of density within 
each sample and the size of the features used in 
each sample. This could obscure smaller clustering 
or distribution effects. As the tract geographies 
change with each census, this is a particular limitation 
to using it for direct longitudinal analysis. Had the 
tracts maintained static geography (or had they been 
reallocated to reflect a static geography), a hot spot 
analysis on change could have been used to measure 
the relative change of change rather than relative 
change in slice of time. Secondly, while the clusters 
appeared to disperse over time, the scale of the 
relative magnitude between clusters is still unknown. 
Thirdly, as noted in both the background and the hot 
spot chapters, the hot spots do not answer whether 
the clusters are a result of densification in those areas 
or a result of decentralization that minimizes the 
difference in magnitude between the densest tracts 
and the least dense tracts. The descriptive statistics 
of the region show that the highest density tracts 
are less dense but the overall average density is 
increasing, which lends credence to the latter theory. 
A regression model was built with the intent of 
clarifying association and seeing if the weak increase 
in statistically significant clusters was hiding a more 
incremental but significant densification around the 
light rail stations. This model took on three stages: 
First, a simple bivariate model was run on three 
most important variables as stated in the hypothesis 
to check for significance and explained variation; 
Second, a multivariate model was built from these 
variables as well as other variables used to control 
for topology; Finally, the results of this theoretically 
“complete” model were used to create a “best” model 
that included the consistently significant variables.  
 Figure 14:  regression hypothesis
TWO MILE TRANSIT SHED
LIGHT RAIL STATION
1990 2000 2010
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hypothesis
The hypothesis for this research is that the Portland’s 
regional density dispersion will be positively affected 
by aggressive transit expansion and aggressive transit 
oriented development policies. Moreover, this positive 
association should be even stronger near transfer 
stations that have 2 or more lines connecting. 
The corresponding null hypothesis is that there is 
no significant link between light rail expansion and 
increased density near light rail stations. 
Several versions of a simple bivariate regression 
model were run first to observe the relationship 
between density and the distance to downtown 
vs. the distance to the nearest light rail stop vs. the 







A+DISTANCE TO NEAREST LRT STOP
A+DISTANCE TO NEAREST LRT TRANSFER
A+DISTANCE TO CENTER
A+DISTANCE TO NEAREST LRT STOP
A+DISTANCE TO NEAREST LRT TRANSFER
A+DISTANCE TO CENTER
A+DISTANCE TO NEAREST LRT STOP
A+DISTANCE TO NEAREST LRT TRANSFER
where the distance to the center was defined by the 
centroid of each tract to Pioneer Courthouse Square 
in downtown Portland, distance to the nearest station 
was defined by the centroid of each tract to nearest 
light or commuter rail stop, distance to the nearest 
transfer point was defined by the centroid of each tract 
to the nearest light or commuter rail stop serving at 
least two lines. Pioneer Courthouse Square is both at 
the center of light rail system as well as the midway 
point of the Portland Transit Mall, and a cultural hub. 
The results of these preliminary models as shown in 
Tables 15, 17, and 19 were somewhat inconclusive. 
While the Dist_Center accounted for the most 
variation in density in 1990, its R2 steadily dropped for 
residential location, wavered for labor location, and 
increased slightly for employment location. Dist_Stop 
showed very little goodness of fit; however the R-Value 
steadily increased over the study period. Finally, Dist_
Transfer showed the most improvement of model fit 
over the study period, accounting for approximately 
31% of variance in the 1990 population and labor and 
approximately 39% of variance in 2010. This aligns well 
with the hypothesis that regional density dispersal will 
become more focused on the Station areas, particularly 
at transfer stations. It also aligns well with the hot spot 
analysis as employment clusters had spread slightly 
outward from the center but showed no significant 
appearance in outer areas while population and labor 
clusters shifted to include suburban location. 
However, while coefficients were each significant 
at least a 95% confidence interval, diagnostics of 
the models all showed poor likelihood of statistical 
significance. Additionally, many of the transfer stations 
are located in the central city, as the system is largely 
radial and many of the lines share tracks as they come 
into the center city. 
Model significance aside, the coefficients of each 
of these proximity variables were very small. In the 
Distance to Nearest Stop iteration, the largest change 
was an additional .76  employees/acre for each quarter 
mile closer to a rail stop 1990. 
The Distance to Center iteration showed slightly more 
change with its largest noted coefficient being an 
increase of .36 employees/acre for every quarter mile 
closer to the nearest transfer in 1990. 
Finally, the Distance to Nearest Transfer model 
iteration’s largest change was an increase of 3 
employees/acre for every quarter mile closer to the 
center in 2010. While the coefficients are small, there 
is a notable increase in the Dist_Transfer model in the 
2010 study period, which is the first period when the 
system actually included more than one line. Future 
tests could very well show that this increase continues 
as more lines are built, though it could also correspond 
to increased service rather than infrastructure. 
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Coefficient R2 Std. Error Pvalue
POPULATION DENSITY
1990 -0.018274076 0.33400640659 0.00001151982 0.00000000000
2000 -0.1590262872 0.27899452845 0.00001129517 0.00000000000
2010 -0.1501970184 0.25349541976 0.00001076516 0.00000000000
LABOR DENSITY
1990 -0.1501792776 0.33718244443 0.00000996967 0.00000000000
2000 -0.1031085924 0.28022009096 0.00000730125 0.00000000000
2010 -0.1035289332 0.29210207618 0.00000673144 0.00000000000
EMPLOYMENT 
DENSITY
1990 -0.3600299868 0.08708289345 0.00005519427 0.00000206713
2000 -0.3042828588 0.08061204532 0.00004454718 0.00000071080
2010 -0.2198982204 0.12573525497 0.00002421766 0.00000000049
SUMMARY OF RESULTS FOR BIVARIATE MODEL WITH DISTANCE TO CENTER











Count: 258 258 258 258
Minimum: 0.001097 0.027553 0.022954 302.27805
Maximum: 283.82732 33.158947 32.022622 115360.61
Sum: 1509.5661 1774.1756 1416.6643 9268157.2
Mean: 5.851031 6.87665 5.490947 35923.09
Standard 
Deviation:











Count: 296 296 296 296
Minimum: 0.008683 0.030581 0.017447 301.93168
Maximum: 276.18848 37.08118 27.994793 115346.75
Sum: 1567.4995 2222.6166 1255.2041 11361872
Mean: 5.295606 7.50884 4.240554 38384.702
Standard 
Deviation:











Count: 331 331 331 331
Minimum: 0.009928 0 0 806.88348
Maximum: 150.58775 37.560326 26.756794 116857.51
Sum: 1517.9099 2584.2003 1487.7373 13654573
Mean: 4.585831 7.807252 4.494675 41252.488
Standard 
Deviation:
10.694625 5.144691 3.303524 22764.44
2010
20001990
 Figure 16: Descriptive statistics For all MoDels For bibariate regression with Distance to center
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Coefficient R2 Std. Error Pvalue
POPULATION DENSITY
1990 -0.351762378 0.17274055909 0.00003644846 0.00000000010
2000 -0.3855794976 0.20240875848 0.00003381753 0.00000000000
2010 -0.3771357876 0.20464935172 0.00003105274 0.00000000000
LABOR DENSITY
1990 -0.2975116848 0.16419425112 0.00003178219 0.00000000024
2000 -0.2267423532 0.16723161856 0.00002235568 0.00000000002
2010 -0.2273868828 0.18043023822 0.00002024099 0.00000000000
EMPLOYMENT 
DENSITY
1990 -0.7433005272 0.04605632614 0.00016017224 0.00053069198
2000 -0.633583104 0.04426825133 0.00012749430 0.00020984673
2010 -0.4471828548 0.06658441886 0.00006993015 0.00000284419
SUMMARY OF RESULTS FOR BIVARIATE REGRESSION FOR DISTANCE FROM NEAREST STOP











Count: 258 258 258 258
Minimum: 0.001097 0.027553 0.022954 55.558623
Maximum: 283.827318 33.158947 32.022622 41344.32967
Sum: 1509.566063 1774.175618 1416.664337 2442598.018
Mean: 5.851031 6.87665 5.490947 9467.43418
Standard 
Deviation:











Count: 296 296 296 296
Minimum: 0.008683 0.030581 0.017447 91.32324
Maximum: 276.188483 37.08118 27.994793 41340.73922
Sum: 1567.499503 2222.616554 1255.204095 2845542.699
Mean: 5.295606 7.50884 4.240554 9613.319929
Standard 
Deviation:











Count: 331 331 331 331
Minimum: 0.009928 0 0 89.716037
Maximum: 150.587751 37.560326 26.756794 41602.32865
Sum: 1517.909916 2584.200299 1487.737337 3317643.501
Mean: 4.585831 7.807252 4.494675 10023.09215
Standard 
Deviation:
10.694625 5.144691 3.303524 8145.929731
1990 2000
2010
 Figure 18: Descriptive statistics For all MoDels For bibariate regression with Distance to stop
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Coefficient R2 Std. Error Pvalue
Population Density
1990 -0.2038985652 0.30950586645 0.00001442002 0.00000000000
2000 -0.2023939764 0.29960485127 0.00001367247 0.00000000000
2010 -2.4566445024 0.39124447992 0.00012798757 0.00000000000
Labor Density
1990 -0.1745580012 0.30142159268 0.00001258248 0.00000000000
2000 -0.1254722964 0.27510661775 0.00000899885 0.00000000000
2010 -1.5586733976 0.38197720382 0.00008280695 0.00000000000
Employment 
Density
1990 -0.357705414 0.05687958532 0.00006896631 0.00011729019
2000 -0.3073168428 0.05207816347 0.00005792916 0.00008103892
2010 -3.001614858 0.13516397739 0.00031711698 0.00000000014
SUMMARY OF RESULTS FOR BIVARIATE REGRESSION FOR DISTANCE FROM NEAREST TRANSFER












Count: 258 258 258 258
Minimum: 0.001097 0.027553 0.022954 55.558623
Maximum: 283.827318 33.158947 32.022622 85350.08009
Sum: 1509.566063 1774.175618 1416.664337 5665632.4
Mean: 5.851031 6.87665 5.490947 21959.8155
Standard 
Deviation:







Count: 296 296 296 296
Minimum: 0.008683 0.030581 0.017447 91.32324
Maximum: 276.188483 37.08118 27.994793 85336.53284
Sum: 1567.499503 2222.616554 1255.204095 6897210.285
Mean: 5.295606 7.50884 4.240554 23301.3861
Standard 
Deviation:







Count: 331 331 331 331
Minimum: 0.009928 0 0 89.716037
Maximum: 150.587751 37.560326 26.756794 15065.97129
Sum: 1517.909916 2584.200299 1487.737337 1407106.308
Mean: 4.585831 7.807252 4.494675 4251.076458
Standard 
Deviation:













 Figure 20:  Descriptive statistics For all MoDels For bibariate regression with Distance to transFer
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Next, a multivariate model was built from all of the 
theoretically important variables as well as topography 
variables to control for possible undue influences. 
It is possible that downtown had an inordinate 
influence on the previous models, as they are higher 
density tracts and represented a large cluster for each 
variable, in each time period. Additionally, as the light 
rail system in Portland is radially designed around a 
transit mall in downtown, and many of the transfer 
stops are primarily located in the central city, there 
was a concern that the models had significant overlap. 
Finally, Portland’s geography has some significant 
landscape changes: the west side of the city is very 
steep while the east side is very flat and consequently 
easier to develop. To control for these factors, the next 
iterations of the model controlled for these factors by 
adding a slope variable, excluding downtown tracts, 
and creating dummy variables for proximity to  the 
nearest light and commuter rail station, and whether 
this station was a transfer or not. 
These variables were then included in two multivariate 
models, one with all theoretically important variables 
and another with just the most statistically important 
variables:
MuLti-Variate OLS




A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(WITHIN HALF MILE OF LRT STOP Y/N)+
B(ONE MILE OF LRT STOP Y/N)+ 
B(TWO MILE OF LRT STOP Y/N)+
B(TRANSFER Y/N)
A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(WITHIN HALF MILE OF LRT STOP Y/N)+
B(ONE MILE OF LRT STOP Y/N)+ 
B(TWO MILE OF LRT STOP Y/N)+
B(TRANSFER Y/N)
A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(WITHIN HALF MILE OF LRT STOP Y/N)+
B(ONE MILE OF LRT STOP Y/N)+ 
B(TWO MILE OF LRT STOP Y/N)+
B(TRANSFER Y/N)
The “Complete” model included all variables that were 
theoretically significant. Notably absent were any land 
use factors as there were unfortunately unavailable. 
The equations for this model were:
where Light Raili, Light Railj, and Light Rail were 
dummy variables for light rail within a distance of 0-.5 
mi, .51-1 mi, and 1.01-2 mi respectively.  Transfer was 
also a dummy variable for whether the nearest stop 
was a transfer (1) or not (0). Percent slope was the 
calculated percentage of each census tract that was 
10% slope or more. This model allowed comparison 
of tracts within a certain distance of Light Rail to all of 
those outside. 
Figure 21 summarizes the results of the “complete” 
model. The model explained the most variance in 1990 
for population, with an adjusted R2 of .49. Labor’s 
explained variation varied throughout the study period. 
Employment was the only dependent variable whose 
variation steadily increased from .1680 to .2504. 
While statistically significant in each iteration, distance 
to center showed little effect on density. In all but one 
iteration, it showed that for each quarter mile from 
downtown, density only decreased by .132 persons/
acre. Consequently, it can’t be said that the distance to 
center had much impact at all. 
The percentage of steep slopes was also significant 
in each iteration. Additionally, the magnitude of the 
change was also greater. For each increase in slope, 
density increased from -4.7036 to -9.0011 persons/per 
acre. 
The existence of a transfer station within 2 miles was 
significant for all but one iteration of the regression. 
Since transfers were a dummy variable, the increment 
was just a yes or no. Depending on the iteration, the 
existence of a transfer station increased density 
by 2.1923 for 2010 labor density to 8.1386 to 2000 
employment. Unlike slope or distance to downtown 
however, the existence of transfer stations is 
theoretically much more changeable. The variable was 
measured by the existence of a transfer station in 2010. 
Therefore, if the research hypothesis is correct, there 
should be an increase in the coefficients as the time 
periods progress. That is not the case here. Population 
wavers over the three time periods; labor steadily dips; 
and employment goes from statistically insignificant 
to a dramatic increase in magnitude and then drops 
again. This indicates the possibility that proximity to a 
transfer station may have a positive effect but it is not 
increasing predictably as transit expands. 
The proximity to transit variables for their part were 
mostly statistically insignificant. 
The resulting conclusion of this model was that it 
was likely misspecified. The model was reattempted 
one more time with the most statistically significant 
variables: distance to downtown, proximity to 
transfers, and percentage of steep slopes.  





































































































































































































































































































































































































































Mile to Rail 
Station
Within .5-1 
mile to Light 
Rail
Within 1 mile 
to 2 miles to 
rail




Count: 258 258 258 258 258 258 258 258 258
Minimum: 0.001097 0.027553 0.022954 0 0 0 0 0 0
Maximum: 283.82732 33.158947 32.022622 115360.61 1 1 1 1 0.912068
Sum: 1509.5661 1774.1756 1416.6643 9244071.2 37 61 75 53 43.662834
Mean: 5.851031 6.87665 5.490947 35829.733 0.143411 0.236434 0.290698 0.205426 0.169236
Standard 
Deviation:












Mile to Rail 
Station
Within .5-1 
mile to Light 
Rail
Within 1 mile 
to 2 miles to 
rail




Count: 296 296 296 296 296 296 296 296 296
Minimum: 0.008683 0.030581 0.017447 0 0 0 0 0 0
Maximum: 276.18848 37.08118 27.994793 115346.75 1 1 1 1 0.904508
Sum: 1567.4995 2222.6166 1255.2041 11337682 43 65 88 60 52.96258
Mean: 5.295606 7.50884 4.240554 38302.98 0.14527 0.219595 0.297297 0.202703 0.178928
Standard 
Deviation:












Mile to Rail 
Station
Within .5-1 
mile to Light 
Rail
Within 1 mile 
to 2 miles to 
rail




Count: 331 331 331 331 331 331 331 331 331
Minimum: 0.009928 0 0 0 0 0 0 0 0
Maximum: 150.58775 37.560326 26.756794 116857.51 1 1 1 1 0.906746
Sum: 1517.9099 2584.2003 1487.7373 13631625 42 69 103 59 58.998186
Mean: 4.585831 7.807252 4.494675 41183.157 0.126888 0.208459 0.311178 0.178248 0.178242
Standard 
Deviation:




 Figure 22:  Descriptive statistics For all MoDels For Multivariate coMplete MoDel
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The second version of this model was derived from 





A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(TRANSFER Y/N)
A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(TRANSFER Y/N)
A+B(DISTANCE TO CENTER)+B(PERCENT STEEP SLOPES)+
B(TRANSFER Y/N)
The results are shown in Figure 22 below.
As far as explained variance goes, the “best” model 
accounts for a similar amount of variation as the 
“complete” model did. The greatest explained 
variation is still 49.72% explained by the model in 
1990 for population density. Once again the explained 
variation decreases for population density, varies for 
labor density, and increases for employment density. 
The simple bivariate model of Distance to center 
explains more change in the density than the best 
model by quite a bit. However, the coefficients remain 
small, with the greatest change being an increase in .425 
persons/acre for each quarter mile closer to the center 
in the 1990 population density iteration. Percentage 
of steep slopes also sees a coefficient increase in this 
iteration, but with similar relative magnitudes within 
each dependent variable.  Finally, transfer proximity is 
also largely similar to the complete model. 
In conclusion, this model is approximately as accurate 
at predicting density changes as the “complete” model 
but transfers is the only one remaining transit variable. 
Given its relatively weak explanatory power, it is likely 
that the model is still misspecified. While there is 
some variation that is suggestive, there is not a clear, 
consistent, or increasing positive relationship. 
What is clear from the regression process is that 
rail proximity alone is not a sufficient explanation 
of density. This corroborates several other studies’ 
findings. Therefore, if a region is interested in 
increasing regional compactness, it is not enough to 
build rail infrastructure. Rather, there are other factors 
in either in combination with rapid transit or alone that 
are necessary to include. 
MOdeL 2: the BeSt MOdeL
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Coefficient Robust Std. Robust Pvalue Adjusted R2
Coefficient Robust Std. Robust Pvalue Adjusted R2




Dist_Center -0.1452 0.000013 0.000000*
Dist_Center -0.12672 0.000012 0.000000*
Dist_Center -0.42504 0.000114 0.005299*
SlopePro -9.122968 0.880370 0.000000*
SlopePro -7.092309 0.809902 0.000000*
SlopePro -10.370173 3.926523 0.008772*
TransferYN 2.672827 0.746722 0.000424*
TransferYN 2.338457 0.702101 0.001007*




Dist_Center -0.12672 0.000011 0.000000*
Dist_Center -0.07524 0.000006 0.000000*
Dist_Center -0.264 -3.691019 0.000277*
SlopePro -8.725571 0.945437 0.000432*
SlopePro -4.984264 0.642878 0.000000*
SlopePro -11.393642 -2.607351 0.009587*
TransferYN 2.666809 0.747390 0.000000*
TransferYN 2.295589 0.53731 0.000030*




Dist_Center -0.12144 0.00001 0.000000*
Dist_Center -0.08052 0.000006 0.000000*
Dist_Center -0.1584 0.000025 0.000002*
SlopePro -8.901137 0.920672 0.000000*
SlopePro -5.409031 0.605036 0.000000*
SlopePro -9.135194 2.262395 0.000074*
TransferYN 2.842203 0.753754 0.000203*
TransferYN 2.259661 0.520593 0.000022*














 Figure 23: regression results For best MoDel















Count: 258 258 258 258 258 258
Minimum: 0.001097 0.027553 0.022954 0 0 0
Maximum: 283.827318 33.158947 32.022622 115360.6118 1 0.912068
Sum: 1509.566063 1774.175618 1416.664337 9244071.228 53 43.662834
Mean: 5.851031 6.87665 5.490947 35829.73344 0.205426 0.169236
Standard 
Deviation:















Count: 296 296 296 296 296 296
Minimum: 0.008683 0.030581 0.017447 0 0 0
Maximum: 276.188483 37.08118 27.994793 115346.7517 1 0.904508
Sum: 1567.499503 2222.616554 1255.204095 11337682.15 60 52.96258
Mean: 5.295606 7.50884 4.240554 38302.98023 0.202703 0.178928
Standard 
Deviation:















Count: 331 331 331 331 331 331
Minimum: 0.009928 0 0 0 0 0
Maximum: 150.587751 37.560326 26.756794 116857.5069 1 0.906746
Sum: 1517.909916 2584.200299 1487.737337 13631625.09 59 58.998186
Mean: 4.585831 7.807252 4.494675 41183.15736 0.178248 0.178242
Standard 
Deviation:




 Figure 24:  Descriptive statistics For all iterations oF best MoDel
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7conclusions anD further stuDy
Divining the impact of transportation investments 
on land use and growth has been a consistently 
elusive task. While researchers have used a variety of 
variables to control for outside growth factors, results 
showing significance and the direction of effect have 
been mixed. This paper attempted to use regional 
residential, labor, and employment density as a proxy 
for growth and land use changes, distance as a proxy 
for center influence, and Euclidean distance dummies 
for access to rail stations and transfers.
Unsurprisingly, the results were mixed. Descriptive 
statistics show a general increase in density per tract 
but less intense concentrations, which imply dispersal 
rather than concentration over the study period. Hot 
spot analysis somewhat corroborates this finding by 
showing a dispersal of relatively high density tracts 
to further reaches of the Metro. The emergence of 
clusters in these areas suggests that maybe density is 
less concentrated in an extreme center like downtown, 
but it leaves open the possibility of Portland becoming 
a city of subcenters, albeit very slowly. That said, the 
significance of the outer clusters was faint, providing 
suggestion but little conclusion.
Regression provided no more conclusive of a picture. 
Bivariate regression models offered some explanatory 
variance that could be attributed to the center or 
transfer stops, and very little attributed to light rail 
stops. While some slight trends could be seen over 
time, they varied by variable. The most notable 
changes in association were between 2000 and 2010 
coefficients but given the lack of a concrete trend 
MuLti-Variate OLS
line, they would require further study to confirm. 
Multivariate regression offered a mixed bag of 
decreasing R-values and increasing R-values over time. 
The most profound trend in the multivariate regression 
was for employment density, with steadily increasing r 
values and coefficients.  
Overall, these results point to a weak positive effect 
of rail investment on regional density change but 
they leave many questions unanswered or uncertain. 





With the amount of literature available on land use 
and transportation, and the amount of advocacy 
dedicated to transit expansion (particularly rail) in the 
United States, it wouldn’t be afoul to expect there 
to be a strong connection between rail expansion 
and land use. The findings of this study obviously 
contradict that expectation, offering comparatively 
little corroboration. This begs the question, why didn’t 
the study find any definitive support for a strong 
positive connection between rail expansion and a more 
concentrated regional density distribution around 
the rail system? This section will discuss implications 
of the current research, as well as limitations to the 
methodology undertaken here.  
First, there are issues specific to the methodology 
chosen in this research that may have contributed to 
a lack of significant results. The scale and consistency 
of the geographical units may have been too broad 
to small shifts in regional dynamics. Regional density 
distribution changes are incredibly granular, possibly 
having block to block changes with new developments. 
This research however, used census tracts in lieu 
of block groups due to ease of data collection. 
Additionally, as the study area crossed three census 
designations and the data was difficult to reallocate 
for consistent geographic units, it was impossible to 
make direct claims of causation or to look at a specific 
density cluster for change over the study period. 
Secondly, there were irregularities in the data that 
were difficult to account for and could have introduced 
analysis errors. The economic data from the Census 
Transportation Package included a tract 0, accounting 
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for a full ~70,000 jobs. These were accounted for by 
applying them proportionately to tracts but, this could 
be a major source of error. To corroborate this, it would 
be possible to use a different source of jobs data but 
each source has limitations. Additionally, labor took 
a large, unaccounted dip in 2000. While this seemed 
odd, no reason could be found for it, either in the data 
or elsewhere. 
Finally, there is likely misspecification in the regression 
model presented here. This is due in part to limits in 
available data as well as to development patterns 
unique to the Portland region. It could also be due an 
incorrect theoretical basis for testing. Data limitations 
and development patterns can be relatively easily 
accounted for.  On a semantic level, while the downtown 
was excluded from the regression, it’s possible that 
more of central Portland should have been excluded 
to limit undue influence from the historical center. 
The river also could have been excluded for a cleaner 
analysis.
Theoretical limitations are more difficult to explain, 
but also significantly more interesting. Data limitations 
and errors aside, the results of this study show that the 
strong positive effects expected were not present, or 
at least not to any conclusive degree. Most likely this 
suggests that physical infrastructure is not a sufficient 
explanatory variable for regional density changes. If 
that is the case, what might have more of an effect on 
regional density distributions? 
One explanation may be that infrastructure is not 
sufficient to stimulate market changes or consumer 
preferences. Other transportation and variables may 
have more of an impact on these than the existence 
of infrastructure.  For example, the service frequency 
on the rail in Portland varies from every approximately 
every ten minutes to once an hour. Additionally, none 
of the lines runs all night, with some service ending 
before midnight. These are simply not often enough to 
depend on the rail for all transportation. 
Another transport variable not accounted for in this 
study is station area form. Many of the stations are 
directly adjacent to the highway right of way, which 
makes them more difficult to access and a more 
challenging development environment for Transit 
Oriented Development. Metro’s TOD Program 
acknowledges these limitations in their 2011 Strategic 
Plan(CTOD 2011) and works them into their ongoing 
strategic typologies but it was possibly less of a 
concern when the system was initially being planned, 
developed and funded.  
Last but not least, network design potentially plays 
a significantly crucial role in the success of both the 
transit system as well as station area growth.  While 
there is a 30 year high capacity transit system plan 
that crisscrosses the Metro, currently the five lines 
cover a relatively small amount of region. Moreover, 
they overlap significantly, with three of them using 
the same tracks for large swathes of their respective 
coverage areas. This provides more frequent service 
to the downtown but limits the coverage outside the 
central city considerably. It also possibly limits induced 
ridership as it is capturing overlapping ridership. Stop 
distance is another aspect of the network design that 
varies dramatically over the network. Closer to the 
center city, the stops get very close together, whereas 
further out they can be a half mile or more apart. This 
inevitably affects the draw area and the type of user 
the system attracts.  
Similar to transportation, analysis of the land use and 
pedestrian and bicycle infrastructure in these station 
areas and the planning they have undergone could be 
a more important aspect than the research hypothesis 
allowed. While there was an assumption that over the 
region, the aggressive policy on station area zoning 
would have shown a greater effective redistribution 
near rail stations, no direct variables for zoning or 
infrastructure were used.  It would be informative for 
the model to either include variables for building form, 
sidewalk connectivity, and bicycle access or to study 
them individually.
Aside from independent variables, it’s possible that 
persons/acre is not the most relevant way of measuring 
regional spatial distribution, the compactness of the 
region, or the reduction of sprawl. Other measures of 
increased compact regional form could be new building 
starts, increased housing/commercial units, persons/
acre normalized by units, etc. Parking availability, 
utilization, and changes could have contributed to 
limits of policy success. 
Finally, it may not be that to reduce some of the issues 
of regional sprawl density is not the issue at all. As 
Paul Mees hypothesized, mode share can be shifted to 
transit without density. That would negate one major 
source of environmental concerns of sprawl, which 
are greenhouse gas emissions. It would also address 
some of the equality issues by negating concerns 
about access to jobs and cheaper housing. However, 
it would not negate address many of the other issues 
cited in favor of reducing sprawl, such as greenfield 
development and quality of life concerns. 
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Despite the vast literature on transportation and 
land use, the dynamics and effects of using them for 
regional planning are still open questions. Further 
research could improve on these finding by controlling 
more directly for land use changes, network distances, 
and network quality. This study also only looked at 
light and commuter rail but, Portland has an extensive 
bus system, including several lines of advertised as 
all day frequent service (every 15 min or less). The 
model could potentially be improved by accounting 
for different service levels and proximity to bus lines. 
Additionally, several researchers have developed 
rigorous statistical procedures for identifying and 
dealing with clusters using locally weighted regression. 
Ordinary least squares regression, which was used 
here, assumes a global relationship, which may be less 
effective in highly varying spatial environment. In this 
case, it assumed a global relationship from the center 
and from light rail stations.  Since there are definitively 
clusters in the region, locally weighted regression 
might more effectively deal with local variation. 
However, locally weighted regression requires much 
more consideration of parameters, which have not 
been agreed upon in the academic community. 
Another method of approaching the question would 
also to deal less with the physical existence of the 
infrastructure and more with levels of service. As any 
transit rider is aware, and studies are beginning to 
show, frequency of service and the convenience of 
public transport has a large effect on the way people 
use it, and ultimately possibly whether they may 
choose to depend on it as a primary transport source, 
and factor it into locational decisions. 
policy implications
The impetus for this study was to investigate one 
relatively popular strategy for regional sprawl 
mitigation, as well as one of the easiest for the current 
regional structure to implement. As many MPOs 
have the strongest hold on transportation planning 
funds and little control over other planning tools, the 
possibility of using its transportation planning powers 
alone to implement regional sprawl mitigation is 
attractive. However, while this study did not rule out 
combined transportation and land use strategies, it 
did not provide any evidence that a transportation 
only strategy would be effective. Therefore, while 
not definitively proving the research hypothesis, it 
still lends credence to the possibility that any regional 
system should at least not be limited to the confines 
of transportation planning. Further experimentation 
is still necessary to filter out what elements regional 
planning should include and how different policies 
work to mitigate sprawl. 
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